Described in this article is the massive enlargement of both adrenal glands in 3 newborns-2 girls and 1 boy. Two had hemihypertrophy and other congenital abnormalities but no identified genetic mutation; the third had genetically proven Beckwith-Wiedemann syndrome. Two had severe Cushing syndrome, the third had hypercortisolemia but no clinical Cushing syndrome. Bilateral adrenalectomy cured Cushing syndrome in the 2 with severe symptoms; total adrenal weight in these patients was 44 and 53 g, respectively. Unilateral adrenalectomy was performed in the third patient: the gland weighed 52 g; postoperatively, the patient's hypercortisolemia normalized, and, concomitantly, the enlarged contralateral adrenal gland had a 5-fold decrease in size with slight enlargement 6 years postoperatively. Microscopically, the 3 patients had similar pathology: massive adrenal enlargement due to a combination of cytomegaly, persistence of the transient cortex, and hyperplasia of the permanent cortex. The pathologic findings were most likely the result of the genetic mutation identified in 1 patient and of an unknown mutation in the remaining 2 patients.
T he human fetal adrenal gland is very different histologically from the adult gland. 1 The fetal gland is composed of a narrow mantle of small cells (destined to persist and become the postpubertal adult cortex with its 3 classic zones) enclosing a large central mass of transient cells (ordained to undergo rapid involution and disappear shortly after birth). The narrow peripheral mantle has been variously referred to as the definitive cortex, the neocortex, and the permanent cortex, and the central impermanent cell mass as the X-zone, the fetal cortex, the provisional cortex, and the transient cortex.
The transient cortex is composed of a monotonous patternless sheet of moderately large, poorly outlined, polygonal cells with eosinophilic cytoplasm and vesicular nuclei. As a consequence of its postnatal involution, the adrenal glands, each of which weighs around 4 g at birth, weighs about 1 g at 1 year. Scattered giant cells (later termed cytomegalic cells) were described in the zone by Kampmeier in 1927. 2 These cells each had a very large, round, hyperchromatic nucleus and cytoplasm more eosinophilic than that of the transient cortex cells; they stood out because of their large size. Later, these cells were found elsewhere-in adult patients with congenital adrenal hypoplasia, 3 in newborns with congenital anomalies (Beckwith-Wiedemann syndrome 4 ), in newborns with Rh incompatibility, 5 and, very rarely, in healthy adults. 6 None of these patients had Cushing syndrome.
Herein, we describe massive bilateral adrenal enlargement caused by a combination of cytomegaly, persistence of the transient cortex, and hyperplasia of the permanent cortex in 3 newborns. Two of them had Cushing syndrome, and the third had hypercortisolemia but not clinical Cushing syndrome. All had other congenital abnormalities. Findings in the infants were likely the result of Beckwith-Wiedemann mutation in 1 patient and unidentified mutation in the remaining 2.
PATIENTS AND METHODS
Three newborns, 2 girls and 1 boy, comprised the study group. An adrenal abnormality was discovered in 1 at the gestational age of 26 weeks and in the other 2 shortly after birth. There was no adrenal abnormality or congenital anomaly in any of the patients' primary relatives.
Blood samples were obtained for measurement of adrenal steroids and genetic testing for Beckwith-Wiedemann syndrome (patients 1 and 3) and PRKARIA mutations (patient 3). Imaging of the adrenal glands was performed using ultrasound and magnetic resonance techniques.
Adrenal glands obtained at surgery were fixed in formalin and embedded in paraffin. Sections of 4 mm thickness were obtained for routine microscopy, histochemical staining, and immunocytochemical staining. Sections of 6 mm thickness were used for digital image analysis. Diced fragments of paraffin-embedded tissue were postfixed in 3% phosphate-buffered glutaraldehyde and processed for electron microscopy.
The histochemical stains used were hematoxylineosin, periodic acid-Schiff with and without diastase predigestion, reticulin, and Masson trichrome.
Immunostaining was performed with antibodies directed to the following: vimentin (Dual Env; PT link; 1/500 BRD; Dako; V9), synaptophysin [Ventana; CC1 mild; 1/ 50 BRD; Leica (Novocastra); 27G12], inhibin-A (Advance; PT link; 1/60 BRD; AbD Serotec; R1), melan A (Advance; PT link; 1/500 BRD; Dako; A103), CD56 (Ventana; CC1 mild; 1/100 BRD; Dako; 123C3), calretinin [Ventana; CC1 mild; 1/50 BRD; Leica (Novocastra)], and b-catenin (Dual Env; PT Link; 1200; Santa Cruz; E-5). A polymer-based detection system was used.
Sections of 6 mm thickness stained with MIB-1 Ki-67 (Ventana; CC1 mild; 1/20 BRD; Dako; MIB-1) were used to evaluate proliferation indices. For determination of aneuploidy, nuclear DNA content in Feulgen-stained 6-mm-thick sections was measured with a CAS 200 image analyzer (Bacus Laboratories, Lombard, IL).
RESULTS
Clinical findings and follow-up data are presented in Table 1 . Results from adrenal imaging and laboratory steroid studies are summarized in Table 2 . Treatment, gross pathologic findings, and initial pathologic diagnoses are presented in Table 3 . Immunocytochemical findings are listed in Table 4 . Proliferative indices and ploidy findings are shown in Table 5 .
Genetic Testing
Testing revealed the Beckwith-Wiedemann mutation in patient 2 who inherited 2 paternal copies of chromosome 11. The mutation was not found in patients 1 and 3. There were no PRKAR1A mutations in patient 3.
Pathology

Gross Findings
The findings are illustrated in Figure 1 and summarized in Table 3 .
Light Microscopic Findings
The adrenal glands lacked the 3-layer cortical zonation present in the normal postpubertal cortex (the zona reticularis begins to develop at about the age of 3 y, and its development is usually complete at about the age of 10 y). Instead of this pattern, at scanning-power magnification, a very irregularly shaped mass of eosinophilic cells was mantled by a narrow rim of basophilic-appearing cells (higher-power magnification showed that the basophilia was due to the high nuclear to cytoplasmic ratio in the cells, not cytoplasmic basophilia). The approximate proportion of the tissue sections occupied by the permanent cortex, the transient cortex, and the cytomegalic cells varied among the patients. The thickness of the permanent cortex was approximately similar in patients 1 and 2 and was considered hyperplastic because of the increased length necessary to accommodate the large core of transient cortex and cytomegalic cells. The cortex was also considered to be hypertrophic in patient 3 because of its increased thickness due to enlargement of its cells. In patient 1, the transient cortex occupied a small area, and the central mass of cytomegalic cells was surrounded almost entirely by permanent cortex through which a focus of cytomegalic cells penetrated into periadrenal fat. The transient cortex in patient 2 showed degeneration of the type seen in normal transient cortex (weak eosinophilia, hypocellularity, vascularity, a large amount of intercellular material, and weak staining with Masson trichrome). Each gland was surrounded by a thin, sometimes barely perceptible, capsule composed of collagen fibers and scattered hyperchromatic spindle nuclei (Figs. [2] [3] [4] . The capsule contained occasional spherical and small, flattened, elliptical-shaped groups of cells similar to those in the permanent cortex ( Fig. 3A) . A few unencapsulated aggregates of these cells were in the immediate periadrenal fat. In patient 1, some of these cells were larger than those of the permanent cortex rim and were possibly transient cortex type.
Low-power and intermediate-power microscopic examination of sections from patients 1 and 2 revealed a subcapsular, thin patternless band of small, poorly defined, polyhedral cells, each with a small, round, hyperchromatic nucleus without a nucleolus (the permanent cortex) (Fig. 2B ). The cytoplasm was weakly eosinophilic or very finely vacuolated. A rare mitotic figure was seen. The band was separated, sometimes sharply, sometimes poorly, from an underlying zone of larger eosinophilic cells (the transient cortex) (Figs. 2B, D). Gradual transition between the permanent and the transient cortex was accompanied by loss of the reticulin that demarcated cell columns in the permanent cortex ( Fig. 2C ). Rarely, tongues of the permanent cortex extended deeply into the transient cortex. The usually monotonous permanent cortex occasionally featured scattered, irregularly shaped spaces that were usually round and sometimes occurred in groups (Fig. 3B ). The spaces were empty or contained red cells or a tangled basophilic web. They are sometimes seen in primary bimorphic adrenocortical disease (McCune-Albright syndrome). 7 The transient cortex comprised a well-defined or poorly defined, patternless, very vascular zone of cells deep to the permanent cortex (Figs. 2B, D, 3A, B). Its cells were 2 to 3 times larger than those of the permanent cortex. The amount of transient cortex was much larger in patients 2 and 3 than in patient 1, in whom it was very small. Occasionally, cells of the transient cortex next to the permanent cortex were arranged in suggestive rows perpendicular to the capsule, a pattern that was absent deeper in the zone. Exceptionally, the transient cortex cells extended to the adrenal capsule.
The transient cortex cells were poorly outlined and had finely granular, eosinophilic cytoplasm ( Fig. 4 ) containing scattered basophilic polymorphic granules. The nuclei were vesicular and less chromatic than those of the permanent cortex; a few had 1 or 2 small nucleoli. Mitotic figures were not seen. An occasional very large cell (cytomegalic) with a correspondingly large nucleus stood out among the otherwise uniformly sized cell population. The Permanent  3  0  2  1  3  0  2  1  3  0  Transient  1  2  3  0  3  0  3  0  3  0  Cytomegalic 1  2  3  0  3  0  3  0  3  0 Values indicate the number of patients. Neg indicates negative; Pos, positive.
cells deeper in the zone were increasingly larger; they were huge in patients 2 and 3. A mass of large to huge eosinophilic cytomegalic cells occupied the center of the glands deep to the transient zone. These cells were sharply outlined and had finely granular, weakly eosinophilic cytoplasm and a fine cell membrane (Figs. 2D, 4C, D, 5). Some cells seemed to have evolved from cells of the transient zone. Rarely, there was a cytoplasmic spherical or paranuclear zone of increased eosinophilia (Fig. 5B) . The nuclei were central or eccentric in the cells, and each had a small-sized to medium-sized nucleolus. Chromatin was moderately coarse to coarse. Nuclear vacuoles with a granular eosinophilic content similar in appearance to the cytoplasm were common; intranuclear cytoplasmic invaginations were not seen. Mitotic figures were not encountered. Some hyperchromatic nuclei appeared to be degenerative. There was no necrosis. In patient 2, there was a minute focus of "microcysts" in the cytomegalic mass, which possibly indicated emerging fatty metaplasia.
Thus, cell size and degree of eosinophilia gradually increased from the subcapsular permanent cortex, through the intermediately located transient cortex, to the deep cytomegalic zone.
In patient 1, a pale gray zone was visible grossly; microscopically, this was composed of stellate and spindle cells with regular nuclei and pale cytoplasm that formed papillary projections into an empty cystic space (Fig. 6 ).
Immunostaining Findings
The results (Table 4 ) varied among the patients by site of cell staining (cell membrane staining compared with diffuse or localized cytoplasmic staining), type of staining (fine or coarse cytoplasmic granularity), and intensity of staining (strong or weak) ( Fig. 7) . A rare focus of cytomegalic cells stained strongly for inhibin-A. Strong b-catenin cell membrane and punctate cytoplasmic staining decreased progressively from the permanent cortex, through absent cytoplasmic and weaker cell membrane staining in the transient cortex, to minimal or absent cell membrane staining in cytomegalic cells (Fig. 8) . Normally, the transient and permanent fetal and neonatal cortices stain with synaptophysin, inhibin-A, and melan A. 
Electron Microscopic Results
Electron microscopy showed that the differences between the permanent, transient, and cytomegalic cells were quantitative (cell and nuclear size) rather than qualitative (organelle content). The round to oval nuclei each had a single nucleolus. The nucleus occupied most of the area of the permanent cortex cells and measured about 1/3 the diameter of the cytomegalic cells. Heterochromatin was more prominent in the nuclei of the permanent cortex. The cytoplasm was composed mainly of matrix; the most frequent organelles were mitochondria that varied more in shape in the permanent cortex (round, oval, and curved) than in the cytomegalic cells (round). Stacked rough endoplasmic reticulum was more prominent in the cytomegalic cells. The findings in the latter cells were considered similar to previous descriptions. 8, 9 Proliferative Index and Ploidy Findings
The proliferation index in the permanent cortex was high in patient 3 ( Table 5 ). The permanent cortex and the transient cortex cells were diploid. Cytomegalic cells were aneuploid ( Table 5 ).
DISCUSSION
Cushing syndrome is an uncommon condition. 10 Up to 80% of cases of the disorder among all age groups are caused by an adrenocorticotropic hormone-secreting tumor, almost always in the pituitary gland, rarely in an ectopic location. The majority of the remaining cases result from a primary unilateral adrenal neoplasm, usually a cortisol-secreting adenoma or, less frequently, a carcinoma. In the very small residual group of patients who are largely infants and young individuals, the epidemiology is different; the syndrome stems from a primary bilateral adrenal disorder that is sometimes familial and sometimes associated with nonendocrine conditions. The latter include spotty skin pigmentation, myxomas, and testicular large-cell calcifying Sertoli cell tumor (Carney complex), 11 and polyostotic fibrous dysplasia, precocious puberty, and cafe´-au-lait spots (McCune-Albright syndrome). 7 In exceptional cases (Table 6) , the Cushing syndrome is congenital, 12, 13 as in the cases we describe.
The bilateral infant and childhood disorders likely originate in the adrenal primordia each of which arises from 2 groups of celomic epithelial cells. 16 An initial aggregate of cells (destined to become the transient cortex)
is joined by a second group of cells (the antecedent of the permanent cortex), and the 2 become enclosed by a loose band of spindle cells that forms a capsule around the primordium. At about the 8th week of gestation, the permanent cortex becomes recognizable as a narrow band of small basophilic-appearing cells between the capsule and the deeper transient cortex, which is composed of larger cells with eosinophilic cytoplasm. Mitotic division in the permanent cortex (cellular hyperplasia) permits lateral growth of the zone and addition of cells in its depths that evolve into the transient cortex. The latter is mitotically inactive; its subsequent growth occurs through enlargement of its cells (cellular hypertrophy). As a result of this, the transient cortex eventually comes to dwarf the permanent cortex that remains as a narrow band. It is unclear whether fibroblast-like cells or rare undifferentiated cells in the capsule give rise to the cells of the outer permanent cortex. 17 Starting at birth, apoptotic involution of the transient cortex 18 results in its rapid disappearance with consequent collapse of the adrenal glands.
Scattered giant cells with huge nuclei, later termed cytomegalic cells, were described in the zona fasciculata (subsequently recognized to be the transient cortex) of the fetal adrenal gland by Kampmeier in 1927. 2 Later, the cells were found in pediatric autopsies, 19 in adult patients with congenital adrenal hypoplasia, 20 and, very rarely, in healthy adult individuals. 9 A small focus of the cells was described in the noninvoluted fetal cortex of a 4month-old infant with congenital Cushing syndrome. 12 Ultrastructurally, the cells have features consistent with steroidogenesis. 8, 9 Aterman and others 3, 5 suggested that the giant nuclei of cytomegalic cells were polyploid; they were later found to contain up to 25 times the normal amount of DNA. 21 At a time when the transient zone is normally largely degenerated, DNA synthesis still occurred in the cytomegalic nuclei (Ki-67 positivity) in our patients as late as 2 months postpartum. Interestingly, although polyploidy is a major positive evolutionary mechanism in plants, in humans it usually causes defects in affected organs. All the 3 newborns that we report had congenital abnormalities.
In connection with fetal adrenal steroidogenesis, the normal permanent cortex is capable of glucocorticoid synthesis, and there is no adrenocortical insufficiency at birth. 16 The transient cortex produces dehydroepiandrosterone, an androgenic steroid, but not cortisol. 16 Cytomegalic cells have no known hormonal product. There were 3 possible sources of the hypercortisolism in the 3 infants we report: the permanent cortex, the transitional cortex, and the cytomegalic cortex. The permanent cortex is the obvious first choice-in our cases, the zone showed 2 abnormalities that might explain its hyperfunction, an increase in the number of its cells of normal size (hyperplasia) that resulted from an increase in length (not thickness) of the cortex (patients 1 and 2) and Neonatal Adrenal Hypertrophy and Cushing Syndrome a cortex of increased length and thickness (the latter due to hypertrophy of its cells) (patient 3). The evolution of the findings in patient 1 in whom unilateral adrenalectomy only was performed raised another, albeit remote, possibility. Following the adrenalectomy, there was a gradual restoration of normal cortisol production, accompanied by a 5-fold decrease in size of the remaining enlarged adrenal gland, during the 3 years after surgery. The gland presumably had the same pathology as the excised gland, massive cytomegaly. Assuming this, the loss of mass was presumably due to involution of its large cytomegalic core, the only component with bulk enough to explain the loss of mass. If certain cytomegalic cells were able to synthesize and secrete cortisol, this would offer an alternative explanation for the resumption of eucortisolemia. Alternatively, decrease of the patient's hypercortisolism could also be explained by the possible decrease in the length of the permanent cortex simultaneously with decrease in the cytomegalic core.
From the foregoing, it is clear that several pathologic processes were operational in the cases we describe: cell hyperplasia, cell hypertrophy, and cell involution and degeneration (the latter in patient 2). Centripedal proliferation of the permanent cortex resulted in an internal mass of cells individually larger in size than those of the parent permanent cortex. To accommodate this mass and maintain its lateral integrity there must have been an addition of cells to the permanent cortex. Later, the normal involution and shrinkage of the transient cortex was delayed in our cases: its cells persisted, acquired additional cytoplasm and enlarged nuclei, multiplied, and evolved into huge multinodular masses. The findings indicate a persistence of DNA synthesis in the transient cortex (synthesis was also present in the cytomegalic cortex), delay of the programmed rapid decay of the fetal transient cortex, and transformation of many transient cortical cells into giant cells.
The pathologic changes resulted in remarkably shaped gross specimens that were excessively folded, convoluted, and nodular in appearance. Microscopically, however, the glands lacked monomorphic nodules; the appearances must somehow have resulted from the manner of development of the abnormal cell hyperplasia and hypertrophy. The remarkable and unexpected shrinkage of the unresected gland in patient 1, presumably from eventual involution of the cytomegalic zone, would be expected to result in a redundant, excessively folded permanent cortex unless it lost length in parallel with the shrinkage of the cytomegalic zone. In recent years, a group of Cushing syndromeassociated, genetically mediated, bilateral adrenal disorders have recently been described in young patients. These include primary pigmented nodular adrenocortical disease caused by mutations of PRKAR1A, 22 primary pigmented nodular adrenocortical disease and other adrenal pathology caused by mutation of PDE11a, 23 and bimorphic adrenocortical disease resulting from GNAS mutation. 7 In fact, patient 2 in our study had Beckwith-Wiedemann syndrome, a genetic disorder, increasing the probability that the other 2 infants also had a similar type of abnormality, as yet unidentified. The disorder we describe herein is a candidate for addition to the group.
We have described the clinical, imaging, and pathologic findings from 3 newborn with hypercortisolemia: 2 had florid Cushing syndrome, and the third had hypercortisolemia; 1 had Beckwith-Wiedemann syndrome, and the other 2 had congenital abnormalities. The resected adrenal glands were greatly enlarged due to a combination of tumefactive cytomegaly, transient cortex persistence, and permanent cortical hyperplasia and hypertrophy. Bilateral adrenalectomy cured the Cushing syndrome in the 2 patients thus treated. Unilateral adrenalectomy in the third was followed by a gradual reduction in size of the remaining gland to approximately the normal size and eventual return to eucortisolemia. The adrenal disorder in the 3 infants was likely a developmental disorder manifested by delayed maturation of the fetal adrenal gland and hyperplasia of the permanent cortex.
